Abstract. Process capability index (PCI) has been widely used to determine whether process quality meet the customer requirements in manufacturing industries. In this paper, an integrated process capability index C pAP is presented for the manufacture of multi-process based on the process capability index C pu , minimum individual process capability C 0 , accuracy A, and precision P. A case study is used to demonstrate the practicality and feasibility of the integrated process capability index. The resulting cartridges meet the customer demand for match quality.
Introduction
Considering the current highly competitive business environment, high-quality products have become increasingly important in many manufacturing industries. Many firms in bike materials, semiconductor manufacturing, and unleaded gasoline currently often use the process capability index (PCI) approach to determine whether process capability and performance meet quality requirements. There is an extensive literature on this area, for example, Ouyang et al. [1] presented process capability analysis chart (PCAC) that combines the process capability index C pm , minimum individual process capability C 0 , accuracy A, and precision P to measure and determine improvement priorities for the chip resistor manufacturing process. Ouyang et al. [2] used a QCAC-Entropy-TOPSIS approach to measure quality characteristics and rank improvement priorities for bike materials. Chen et al. [3] proposed a novel hybrid method that integrates a multi-quality characteristic analysis chart (MQCAC) and a fuzzy technique for order of preference by similarity to ideal solution (fuzzy TOPSIS) to improve the unleaded gasoline quality. Obviously, the PCI is an efficient quality improvement tool in many manufacturing industries.
The first well-known PCI was presented by Juran [4] that combined the process mean (μ), the process standard deviation (σ), and the product specification to develop the concept of PCI. Many statisticians and quality engineers have subsequently presented various PCIs and used these indices to develop analytical tools for measuring process capability and product quality (Ouyang et al. [1] [2] ; Chen et al. [4] ; Chang et al. [5] ). Late, Kane [6] introduced a PCI smaller-the-best C pu for some special cases. This index is defined as follows:
(1) where USL is the upper specification limit of the process.
In this paper, we apply the PCI smaller-the-better C pu with minimum individual PCI C 0 , accuracy A, and precision P to present a new integrated PCI C pAP . A step-by-step process to apply this integrated PCI is also given. Quality managers can apply the new integrated PCI to identify the substandard quality characteristics of the product and derive the results more easily and effectively.
The remainder of this study is organized as follows. Section 2 introduces process capability index C 0 , accuracy A, and precision P. A new integrated PCI C pAP and a step-by-step process are proposed in Section 3. Section 4 provides a case study to illustrate the applicability of the new integrated PCI C pAP . Section 5 presents the conclusions.
Process Capability Index C 0 , Accuracy A, and Precision P To measure a product usually has many processes, Ouyang et al. [1] defined the minimum individual
where c is the integrated PCI, t is the total number of process, Ф is the standard normal cumulative distribution function, and Ф −1 is the inverse of Ф. Pearn and Chen [7] defined four different process conditions and the corresponding values of C 0 to determine a value for c (Table 1 ). An 'inadequate' process is one in which the PCI is less than 1.00, indicating that the process is not adequate with respect to the preset manufacturing specifications. A 'capable' process occurs when the PCI is between 1.00 and 1.33, indicating that some process control is needed. A 'satisfactory' process is when the PCI is between 1.33 and 1.50, indicating that the process capability is satisfactory. A 'superior' process is when the PCI exceeds 2.00, indicating that the process capability is substantially exceeding the preset manufacturing specifications. 
Process Capability Index Cp AP
In this section, a new PCI C pAP will be developed to measure the process capability of a product. Let the accuracy index A = μ/USL and the precision index P = σ/USL and using Equation (1), the new PCI C pAP can be presented as:
Hence, the accuracy and precision of all the process of a product can be evaluated. Also, quality managers can use the new integrated PCI to identify the substandard quality characteristics of the product. To more effectively use the new PCI C pAP , we establish four steps as follows.
Step 1: The total number of process t must be known and c must be decided. Then, C 0 can be determined from Table 1 .
Step 2: Collect data for each process.
Step 3: Calculate the C pAP of all process using Equation (2).
Step 4: Identify the poor process in order to improve product quality and performance.
Numerical Example
Company H is the leading manufacturer of plastic materials in central Taiwan. One of its major products is plastic T. To produce higher-quality plastic material, the proposed new PCI C pAP is applied. The plastic T includes three smaller-the-better processes, which are: (1) Water absorption, (2) Electric conductivity and (3) Relative density ( Table 2) . The following procedure demonstrates the application of the new PCI C pAP to plastic T.
Step 1: According to Table 2 , there are three processes of the plastic T, that is, t = 5. Since the condition of the process was set as capable (c = 1.33), C 0 is computed as 1.45 from Table 1 .
Step 2: The data of each process is shown in Table 2 .
Step 3: The values of C pAP for three process of the plastic T are shown in Table 2 .
Step 4: The electric conductivity of the plastic T is poor process. Therefore, actions to improve quality should be undertaken.
Conclusions
To produce a high-quality product, a manufacturer should seek a useful method to monitor whether the production process is working according to given specifications or not. Hence, this paper used the process capability index (PCI) C pu , minimum individual process capability C 0 , accuracy A, and precision P to propose a new PCI C pAP . An example of a plastic material was presented to illustrate the implementation of the new PCI C pAP . The results showed that the electric conductivity of the plastic material is a deficient quality characteristic that needs to be improved.
